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Abstract 





The innovative concept of nonresonating modes and how this has been recently exploited to 
extend the performance and capabilities of the state-of-art of microwave filter technology will 
be presented in this talk. Although the concept is presented by mostly focusing on filters, as 
these are the components where this new technique has found large application over the past 
few years, all general features are explained and illustrated in detail thus potentially paving the 
way for new applications involving other passive microwave components. After a brief 
discussion highlighting the importance of microwave filters from a system perspective, the 
main concept of the talk will be introduced by defining what is a nonresonating mode and by 
illustrating what are the benefits of this approach. The concept is then gradually explained by 
using some waveguide as well as planar SIW examples, as the rectangular waveguide 
technology is where these modes were first observed; most importantly, these examples have 
been proved to considerably ease the understanding of the concepts from both students and 
non-experts perspectives. The general multimode environment of these structures is described 
step-by-step and several animations are introduced during the explanation thus really allowing 
the audience to absorb the more general multimode concept that otherwise often remain an 
obscure myth for many microwave engineers. The presentation is then extended to the most 
various filter technologies, such as conventional coaxial structures, dielectric resonators based 
architectures, as well as more original mixed technologies. Several manufacturing examples of 
actual products developed at RS Microwave (Dr Bastioli's affiliation) are going to be presented 
along this talk, thus also satisfying the more practical taste of an industry audience. 
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Nonresonating Mode Technology 
ADVANCED WAVEGUIDE DIELECTRIC 








Microwave Filters System Perspective 


Filters are commonly the most cumbersome elements in a system 





-> the larger the filters the lower the losses 
Filter loss and rejection levels are crucial for signal-to-noise ratio 
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OBJECTIVE: SMALLER FILTERS + HIGHER PERFORMANCE 





RESONANT MODE: mode which resonates at the operating 
frequency of the component 


Э these modes generate passband POLES in the transfer function 


| : mode which does NOT resonates at the 
operating frequency of the component 
(propagating or evanescent at the operating frequency) 


— nonresonating modes create additional paths 
which BYPASS the resonant modes 


Combination of resonant and nonresonating paths 


extends the characteristics of the filtering function 








Classic Filters Vs NRM Filters 


4 resonant modes + nonresonating 
modes 


7 resonant modes 
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Symmetric vs Asymmetric 


Single Cavity Filter Single Cavity Filter 
> SYMMETRIC Irises > ASYMMETRIC Irises 
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Symmetric Irises 





input and output are connected through a resonant mode 





Asymmetric Irises 


The asymmetric discontinuities 
excite higher order modes 
with odd symmetry 


TE 


ТЕ» 





ТЕ TE;oi ТЕ 


Input and output are connected through a resonant mode 
Input and ouput are also connected through a nonresonating mode 





Symmetric vs Asymmetric 


Single Cavity Filter Single Cavity Filter 
> Inductive Irises > ASYMMETRIC Inductive Irises 
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interference between resonant and nonresonating modes 





Nonresonating Mode Filter Recepy 


A proper structure and a proper set of modes must be selected 
for the realization of a nonresonating mode filter 





KEY INGREDIENTS 


1) At least one resonant mode must be supported 
2) At least one nonresonating mode (not negligible) 


3) Design parameters to control the coupling ratio between 
resonant and nonresonating modes 


4) Design parameters to control the phase difference between 
resonant and nonresonating modes 
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H-plane cavity 





1) RESONANT MODE 
> 1501 


2) NONRESONATING MODE 
Э ТЕ, 





H-plane cavity 


SINGLET: ONE POLE & ONE TRANSMISSION ZERO 
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H-plane cavity 





3) COUPLING RATIO: the OFFSET controls the coupling ratio 
between the resonant and nonresonating modes 
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H-plane cavity 


4) PHASE DIFFERENCE: the RELATIVE POSITION of output with respect 
to input determines the phase difference between the modes 


INVERTED POSITIONS PARALLEL POSITIONS 
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H-plane cavity 





INVERTED POSITIONS PARALLEL POSITIONS 





0.00 


-10.00 


-20.00 


>-30.00 


-40.00 


-50.00 





-60.00 


10.00 10.50 11.50 ` 10.00 10.50 11.50 


11.00 11.00 
Freq [GHz] Freq [GHz] 


High Design Flexibility 





3 H-plane cavities > 3 poles + 3 transmission zeros 


DB[S11], DB[S21] 
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High Design Flexibility 





3 H-plane cavities > 3 poles + 3 transmission zeros 


DB[S11], DB[S21] 
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High Design Flexibility 





3 H-plane cavities > 3 poles + 3 transmission zeros 


DB[S11], DB[S21] 
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High Design Flexibility 





3 H-plane cavities > 3 poles + 3 transmission zeros 


DB[S11], DB[S21] 
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Multi-Band Filter (SIW) 





2 
і | 
" N ii iË 1: це 2 
: И Ци 1: ЦЕ 27 
10.1, /፲ቭ EM ЦЕ ፣ ኒዩ 
ағы Ап ut Vi: i| € ? 
> ed Pu VI | зо Vi: ДЕ es 
8 -15 “NA: EI Кз u: IL ZA 
= Mia. E NAK Sk Y: "ir : 
= ቭ፡:፡: a d 33i: U ex i 
© -20 wW:: ir 781 the “es 
= d =< +: И 1 AE 1 ez: 
ሮህ zo: ou + : cs `: - 
63 -25 Eirg СЕНІН - 3: d 
5 T : 88 OF ፲፻ 
$ fj E m "я ። ። k 
-30 ፡ —— S21-measurement ` z E 
; 2 ===- S] ]-measurement | , | 
33 H =.=.. S2 1-simulation b 
SES? S11-simulation | 
-40 --— E 3» | i 
9.5 10 10.5 11 11,9 12 
Frequency (GHz) 


M. Esmaeili et al, *Substrate integrated waveguide triple-passband dual-stopband filter using six 
cascaded singlets", IEEE Microwave & Wireless Components Letters, July 2014. 








resonant mode at the same time? 


TM Dual-Mode Cavity 












1) RESONANT MODES 
> TM, 
> TM 


2) NONRESONATING MODE 
-> TM., 


TM Dual-Mode Cavity 


DOUBLET: TWO POLES & TWO TRANSMISSION ZEROS 





TM, 
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TM Dual-Mode Cavity 


3) COUPLING RATIO and 4) PHASE DIFFERENCE: total control with 
absolute and relative position of input and output 
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TM Dual-Mode Filter 


4 TM cavities > 8 poles + 8 transmission zeros 








TM Dual-Mode Filter 


4 TM cavities > 8 poles + 8 · 
Disassembled prototype Assembled prototype 
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TM Dual-Mode Filter 


o Parameters (dB) 


4 TM cavities > 8 poles + 8 transmission zeros 
0; 
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TM Dual-Mode Versus TE Dual-Mode 






TM dual-mode filter using nonresonating modes 
provides more transmission zeros and is more 
compact than a conventional TE dual-mode filter 





Conventional TE dual-mode filter 


Dual-Band Filters 
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V. Nocella et al, ““Dual-band filters based on TM dual-mode cavities," 1n EuMC, Rome, 2014. 
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Dielectric Resonators 


High permittivity dielectric disk (low impedance) 
suspended in air (high impedance) 
-> The impedance step (low-to-high) at the disk's surfaces is "seen" 


as a quasi-open ended condition by the field inside the disk 
(the disk is like a "cavity" with magnetic walls) 
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Cavity Evanescent Modes 





Evanescent cavity mode TEO1 can excite only the first resonator 
— the other resonators are orthogonal and will be bypassed 


Cavity Evanescent Modes 





Evanescent cavity mode TE10 can excite only the third resonator 
— the other resonators are orthogonal and will be bypassed 


Cavity Evanescent Modes 





Evanescent cavity mode TEO2 can excite only the second resonator 
-> the other resonators are orthogonal (third) and out-of-symmetry 
(first) and will be bypassed 


Dieletric Nonresonating Mode Filters 


Evanescent cavity modes can be used as nonresonating modes to 
by-pass certain resonators with different orientations 
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PATENT US 9461351 B2, RS Microwave Company, October 4, 2016. 





Triplet of Resonators 





ерер 





Phase Control 
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Filter using Triplets 
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Two resonators bypassed 
at the same time 
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Three resonators bypassed 


at the same time 


Group Delay Equalization 
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Coaxial Resonator 


CAP ТЕМ line < À/4 


HAT 


Cavity modes can be used as nonresonating modes 
among resonators with different orientations 





Ying Wang and Ming Yu, "True inline cross-coupled coaxial cavity filters", 1n IEEE Transactions on MTT. 


M. Hoft et AI, "Orthogonal coaxial cavity filters with distributed cross-couplings", in IEEE MWCL. 





Strongly-Coupled Resonator Pair 





| EVEN Mode ODD Mode | 
Strong Coupling -> Large Af (fopp-feven) 





STRONGLY-COUPLED 
RESONATOR PAIR 





Strongly-Coupled Resonator Pair 
1) RESONANT MODE 
> ODD 
2) NONRESONATING MODE 
> EVEN 


3) COUPLING RATIO CONTROL 
+ Locations of 1 and 3 





4) PHASE DIFFERENCE CONTROL even 
=> Relative Location of 1 and 3 








Filter Using Two SCRPs 


7 Resonators * 2 SCRPs -> 9 poles + 2 transmission zeros 
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Filter Using Two SCRPs 


7 Resonators 4 2 SCRPs -> 9 poles * 2 transmission zeros 
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Wideband & High Frequency 


The Strongly-Coupled Resonator Pair concept is a general 
concept that can be applied to various applications 
> proper modifications are needed to implement the couplings 


WIDEBAND + HIGH FREQUENCY + TRANSMISSION ZEROS 





WIDEBAND STRONGLY-COUPLED RESONATOR PAIR 





DIELECTRIC 




















Wideband Ku-Band Filter 
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Design Considerations 








Nonresonating Mode Filters = NV 


-> Simple BASIC BUILDING BLOCKS are INDIVIDUALLY designed 
(singlet, doublets, triplets, etc...) 
=> Transmission zeros are INDEPENDENTLY controlled 
-> INLINE configuration 














SINGLET2. -SINGLET 4 











Modularity 
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Modularity 


The multi-mode operation inside each basic block can 
be modeled using a conventional COUPLING MATRIX 
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Modularity 


Only a fine optimization is required for the whole structure 
-> no major time consuming full-wave optimizations are necessary 
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Independent Transmission Zeros 
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Waveguide + Dielectric Resonators 
Dielectric resonators located within a PROPAGATING waveguide 


Dielectric resonant mode is excited and bypassed at the same time 
-> each dielectric resonator provides one pole and one zero 
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Coaxial + Waveguide Cavities 


H-plane cavities embedded within a coaxial filter 
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Dielectric Loaded TM Dual-Mode Cavities 





Dielectric resonators are used as heavy capacitive loads 
-> all modes shrink -> extreme compactness 
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V. Nocella et al, ^Miniaturized dual-band waveguide filter using TM dielectric loaded dual-mode 
cavities,” in IEEE Microwave and Wireless Components Letters, May 2016. 





Ridge Resonator Filters 


RIDGE RESONATOR: ridge SIS located within a waveguide 
-> supports a pseudo-TEM 2 resonating along the ridge length 


Resonant mode is excited and bypassed at the same time 
-> each ridge resonator provides one pole and one zero 
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Conclusions 


° Parasitic modes never looked so attractive 

-> first we coped with them... then we exploited them by 
modifying/inventing several structures... now we are purposely 
producing them when they are not around... what's next? 


e Nonresonating mode technique is a general 


concept based on 4 key ingredients 
-> Waveguide, SIW, Multi-Band, Dual-Mode, Dielectric Resonators, 
Coaxial filters (E-plane, Resonant Discontinuities, TM Dielectric 
Resonators, Stripline filters, various Mixed-Resonators filters) 


° Research on NRM lead to original structures 
suitable for advanced fabrication techniques 
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